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ABSTRACT Later efforts addressed themselves to tight,
low penaeablllty shales and sandstones which were

A series of stimulations ware designed to
open and propa te :Iatural fractures known to

pr(j: ~ctive only as a function of the natural

2%0
f racturas which are condul ts for the reservol r

exist along a foot horizontal wal 1 in Wayne hydrocarbons.
County, West VIrglnla, The stimulations werq

The ideal way to improve recovery
efficiency 1s to increase the total. number @f natural

also designed to induce f racturas in the fomstion f racturas which can be connected to a sin le wellbore
as -11 as propagate the natural fractures b~ \
manipulating pressure and injection rates.

for drainage, Thus the concept of dri1 ing a wel1
in a particulardirectionand attainingan inclined

numberof radioactivetracerswere used to detens~ne
where fractures were opened and propagated at

ang!e (40 to 90 degrees) was 8 1ogical means of
improvingupon the recoveryefficiencyof a vartical

differentinJectionrates. The tracerswere found
in fractwes in zones other than the one pumped

wellbore.1

into, a fact consideredprime facie evidence that A method of improving the gas recovery
natural fracturas with two or more orientations
had been opened and propagated. Pressure testing.

efficiency of inclined or horizontalwellbore in

and gas sampling of the isolated zcnes confirm
s naturally fractured reservoir is to extend the

that fracturecotmtunicationwas accomplishedalong
geometry and flow capacity of existing f~actures
as well as craate new induced hydraulicil’actures

nearly 1000 fact of borahole by stimulationof This can best be accomplishedby stimulatingthe
one 400 foot long section. A techn?quefor inducing natural fractures which exist in the reservoir
multiple hydraulic fractures With multiple by inflating them with a non-damagingfluid and
orientationswas demonstrated. propping the Inflatad fractures to maintain the

BACKGROUND
enhanced flow capacity and to induce additional
fractures by increasingthe inject?onrate. This

Horizontal wells are drilled to
was the technical approach used to stimulategas

solVe
production problams or to improve hydrocarbon

recoveryfrom the Davonianshales in the horizontal
well. This type of operationcan be accomplished

recovery efficiency from a particular reservoir.
It is bellevedthat the originalconceptof drilling

quite readtly if the right geologic conditim

horizontal wells was to contact more formation
can be found. That conditionIs generallyassociated

in a reservoir which was not a particularly
with normal or block faultad areas whera multlple
fracture directions are generated In association

outstandingproducer,or which had other production with the faulting, Other conditionswhere multiple
problams. One of the earliest known attampts
at horizontaldrilling in the United States was

fracture sets are “gener:~tera:reassociated with
thrust faulted areas.

that done in the Venango sandstonefrom a shaft 1’
aologic settings

drilled near Franklln, Pennsylvania In 1944.
were salected in Waywe and Lincon Counties*West

The particular problem being addressed was how
Virginia,which were knownto have multiplefracture

to produce the heavy crude oil which had lost
sets as a function of the pre-Cambrianrift-type

its solution gas because of the shallow de th
basement faulting which

!
reduced the Rome Troughs

Rof the format;on (less than 500 feet) and t us
and the test well was dril ed in one of them,

was producedat slow rates, Little published literature exfsts which
diswsses the ralatlonshipof the orientationof

~efatwces and illustrationsat end of paper. horizontalor inclinedwellswith respectto eologic
1trends of faulting and fracturingexpecte to be
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encounteredin the welltwe, end their potential
impact on stimulationoperations. This is one
of the primapurposesof this paper.

INTRODUCTION

The purpose of this paper is to acquaint
the reader with the theory, technical approach,
and the resultsof a series of hydraulicfracture
stimulation tests which ware designed to both
open and propagatenaturalfractures~and to induce
additionalmiiltipleFracturesas a preferredmethod
of enhancing productionfrom a low pressure,low
permeabilitygas reservoir.2

The wall was completed utilizing extamal
casingpackersto partitionthe horizontalwellbore
into a number of zones which could be stimulated
separatelywith treatmentswhich would take into
account tbe number and spacing of the natural
fractures in the zone (see Figure 1). Analysis
of the video camsrasurveyof the wellborerevealed
that there were five fracturesets, three of which
mi ht be propagatedduringa stimulationoperation.3
Tl#s InforiaatfonWOE used to design a series of
date fraci to obtain information on breakdcwn
pressure, closure pressure, fracture gredient
and stress ratio. The results of tha data frac
indicated msl Iple closure pressure determinations

\as suspected, The frac gradient was detemined
to be 0.2F and 0.31 si/ft, and the stress retio
to be .20 and .27. ! his data indicated that the
rock strata in the area of the horizontal well
isnearlystwess relieved.

The objective of the tests conducted and
reported on in this paper is to present evidence
supportingour conclusionthat two sets of natural
fractures were opened and propagated during
stimulation operations, and induced fractures
along a third directioncontrolledby the regional
stress field. Two systemsof fracturediagnostics
were used to collectdata whichwould eitherconfirm
or reject our hypothesis, One I-14s a tilt meter
sy,tem and the other Was the use of radioactive
tr~cer isotopas in the fra~hefluids and their
subsequent detection in near wellbore
environmentby the use of the multispectralgamsna
ray log. In addition, pressure tests and gas
sample analysis ware used ta conffrm multiple
fractureorientations.

GEOLOGICSETTING

The test wall is located in the west-central
plateauregionof the AppalachianBasin (see Figure
2). The rock strata generally exhibit a low 1
to 1-1/2 degrae dip southeast toward the center
of the Basin, The regional dip is interrupted
by small amplitude anticline and synclineswitt
generallyless than 300 feet of closure. Faultin$
of the basement rocks during pre-Cambrian tires
produced a series of normal faults in the ara
(Figure 3) which have producedmeasurableeffectj
of the strpta as high as the Oevonianage rocks,
Superpositionof the basementfaults on the Lowsn
Huron structuremap (Figure4) shows corresondencc

Ewith ma~or structural features at this orizon,
Structuraltrends as mapped on the Barea sandston!
found above the target Lower Huron shales anc
productiontrendsfrom the shalesshow correspondin~

with the t’bet;dsof fracturing an
$

fe;;eu::
encountered in the well (Figure 5).
reservoir

t
characterizeion studies compiled by

Cliffs Hinerals, Inc.; in which oriented cores
were obttiined~or “study,show that the dominant
fracture trends are found in a band betwean N35*E
and N75°E (Figure6), The trends establishedfrom
examinationof orientedcores from the test well
and the examination of the video camera survey
sho~~good correspondencewith trends of basement
faultingin the area (Figure7),

The area in the vicinity of the well is
consider~blyfracturedand faultedfrom the effects
of the basement faulting in the area. This iS
believedto be the reason for the low stress ratio
(ratio of vertical stress to minimum horizontal
stress which is an indicator of the ease of
fracturing) in the area, a hypothesis supported
by Advani and Lee, who projacted stress t’atiOS
as low as .28 in’snadiatelyabove basement fault
as a result of their finitee?emantmodelingwork.~
The basementfaultingand perhapsepisodicmovement
along the faults has produced multiple fracture
trends in the Devonian shales. It is believed
that this faulting is one of the primary reasdns
for the large production trends found in the Big
Sandy gas field of eastern Kentucky and southwestern
Nest Virginia. This gas field has producednearly
3 trillion’ cubic feat of gas during the past SO
to60 yearsand is stillunderdevelopment.

Because of the extensive fratwin , much
gas has migrated vertically !s ailower
formations, producing a low pressured reservoir.
Gas reservoir pressure gradient in the area of
the test well is 0.16, while the gradientfOr most
Appalachianarea reservoirsis 0,30 to 0.36.

HYPOTHESISFOR FRACTUREGENERATION

Since the arka of the horizontal well is
characterizedgeologicallya;oam~ctonically relaxed
area characterized by faulting, the
investigatorsanticipateda low fracture pressure
gradientfor stimulationson the wall, The authors
further postulatedthat ?n the absence of strong
tectonic stresses, it is likely that the multiple
fracture orientations observad in the wellbore
(N37E,N48E, N57E, and N67E) are withina 15 der&
angle with the principal stress orientation?
to 52*E) and are likely good conduitsfor the flow
of natural gas, Natural gas was observedflowing
from fractures oriented both N37’E and N67°E on
the video camera analysis. It seems logical that
fractureswhich permit gas to flow can be inflated
and propagated,provided it is done in a fashicz
which allows the natural fractures which are
subparallelto the principal stressTh$ adjust to
misaligned intensity vectors. following
hypotheses were constructed for testing during
thisstimulationoperations:

i
1. Uhen the angle of intersectionof a natural

fracture trend with the principal stress
orientation,’islass than 32 degrees and the
ratio between the two horizontal stress
components is less than 2:1, the natural
fracturus can be inflated, propagated, and
proppedopen to enhanceflow capacity.
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2* Under low stress ratio condltlons,the Ideal
procedure to inflate natural fractures at
low dihedral angles (less than 32 degrees)
is to inject the ‘frac.fluids at low rates
and at pressureswhich would not exceed 200
psi above closurepressure,or the difference
between the boundary unit (above or below)
and ‘est unit stresses.

3. High injectionrates and pressureswill induce
fractures oriented and controlled by the
regionalstressfield.

4. Conducting a stimulation treatment in tti
continuousphases;the ftrstit a low injection
rate, and the second at a rate which is two
or more times faster than the first rate
will produce multipyoriented (multiple
hydraulic fractures in a horizontal well
wtare access to the formation is equal to
open hole conditions).

5. Since there are likely to be more fractures
to be opened and prQagated than there is
fluld rate available, the natural flow capacity
of the fFactures will autoselect.the fractures
to take fluid at any particular time. A
few of the highest pemeebility fr&ctures
will take fluid initially and then, as
propagation pmssutw starts to increase,
a new set of fractures will be autoselected
for injection and propagation and these will
have the next highest flow cepecity.

6. As the stimulation treatment proceeds, the
accumul..ion of fluid pressure!in the system
of naturalfractureswill prodbselocalchanges
in the stressfield,causingdifferentsections
of the bureholeto accept fluid at different
times*

7. The extension of natural fractures with
multiple orientationswiil produce a comp!~x
interconnectedfracture network which will
be a much more effi:~; d~~age system
for low permeable siltstone
formations than simple parallel multiple
hydraulicfracturasinducedfrom a horizontal
wellbore,

Figure8 presentsa plan viewof the postula”k!
fracturesystem that can be generatedat the test
well location,which is a function of the stress
field and the smalldihedralangle naturalfracture
sets whichexist there.

OVERALLTEST PROCEDURES

The objective of the Recovery Efficiency
Test is to determinethe efficiencyof hydrocarbon
recovery from a horizontalwellbore encountering
natural fractures, and further to determine tha
utility of inducing multiple hydraulic fracture
to improve recoveryefficiency. Yost and Overbeyi
discussed in detail the key tachnical issues
addrassud by the stimulationexperimentsand the
overall technicalapproach used in designingand
conductinga series of stimulationswhich examined
the parameter?of fluid types, volumes, injection
ratesand pressures.

A series of 11 tests have been conductedto
date during the course of 5 stimulationson 4
differentzones in the wall. A seriesof different
tests ware conductedduring 3 stimulationson the
same’zone to be able to make direct comparison
of the results of fluid types and injectionrates.
The series of tests conducted are presented in
Table 1,

The results of the tests ware measured in
two ways: (1) collection of pressure build-up
and drawdown data and the use of historymatching
wlt.h3-dimensional,dual porositymodelsto determine
permeabilityand the amount Of improvementover
natural permeabilitydetermined before stimulation
testing;(2) the use of radioactiveisotopetracers
as fracture diagnostic material injected during
the stimulationteststodetennine how many fractures
were pumped into duringthe varioustest~. Spectral
gmna.radiation surveys were then run M the well
2 to 27 days af$.erstimulation was cmpleted.
.An attempt to use tiltwters as an additional
diagnostic tool failed because of rugged terrain
and poor surfaceconditions.

The fracture diagnostic studies conducted
on the spectral game logs showad the position
along the welllwa where tracer laden f?ui< was
injected beck into the fomatiom. By using the
tracers in the manner we did, Wetmeablq toexemine
the effeCtS Of VariOUS flOW rateS and F@essures
whichexistedduringthe trcatmants.

The test series in Zone 6 was logged by pushin
the spectral gamae tool in the hole on a coile !
tubing unit. Test series 6 and 7 in Zone 1 was
logged with the spectral gatmnatool mounted on
the outside of 2-3/8” tubing and a side-doorsub
and wet connect system used to make wireline
connections. Test series 8 through 11 ware log ed

!by blowing the spectral gamma tool down insole
2-3/8” tubing and then logging back out in a
conventionalmanner. 810wing the tools down is
the easiest, most cost effective way to collect
fracture diagnosticsdata. It is quite difficult
to make measurementswith tubingand wirelinestrings
that seem to correlate any closer than 2 feet,
thus making it difficult to point to a positive
correlationwith any degree of certaintythat the
naturul fracture which is within 2 feet of the
location of a fracture indicated by the tracer
study is indeed a natural fracture that has been
inflated. An illustrationof this point is shown
in Figure 9 which shows the locationsof fractures
indicatedby spectralgansnatool versusthe location
of fractures located by video camera survey,
Correspondenceis pretty close for some of the
fractures,but off by more than 2 feet for others.

FRACTUREDIAGNOSTICS

Data Frac Test Seri~~

The first 4 tests on the wall were conducted
on Zone 6 (see Figure 1). Zone 6 hud six natukal
fracturesdetectedby video camera analysis,mostly
near ECP #6 around 4200 feet. The first two tests
ware nitrogeongas testsin which the 8 was in~ectad
at 2500 scf/min or 5000 scf/min, to radioactive
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tracer was used during the gas lnJectionbecause
~f the!pmb16t~ with brlnglngthe gas back to the
surfacewith no residencethe In the reservoir.
rh’ next 2 tests were N~foam InJectedat 5 bpm
End 12 bpm. Since these were aquaceous fluids,
tracers could be used In the treatment. Redloactlve
Iodine 131 was used to stfrrrulatethe re+ervolr
rock. Results of the tracer test In Zone 6 Is
preseniedin Figure10, A comparisonof the effects
of generating fvactures es a function of rate
is presentedIn Ffgure 11. Figure 11A ~hows the
f~actwes generated in Zone U and Zone 3 a; low
injection rates of 5 bhl/minute. Dlstributlon
of the fractutis is scattered over 500 feet of
wellbore even though inflectionwas through the
port collars at 4290 Pet. Apparently several
of the fractures in Zone 5 propagatedaway from
the wellbore until they intersected a natural
fracture that would ca’;rythe. gbs back to the
wellborein another zon: such as occurredin Zone
5*

Hhem the lnject~on rate was increased from
5 to 12 barrels/rninIn tast No. 4, new fractures
are induced beside old fractures. Fluid: frors
the new fractures finds Its wyhackto the wellbore
at 4660 In Zone 5, which fs 420 f-t do~ th
wellbore (see Figure llB). The authors Interpret
this data as verification of hypothesis No. 2
in which rsultiple natural fractures were open
and propagated where they almadyexlsted..-

Nitroeen 6ss Test

Test No. 5 was the injection of a high volume
of nitrogen gas at low rates of 8-16 bbl/min
(2000-5000s ft3/min), Radioactive tracers were
not used on this test and the 8 tilt meters
installed 3 weeks prior to the test could not
be stabilized to collect useable data. As reported
in Table 2, the authors assumed that many of the
69 observed natural fractures present in Zone
1, the target reservoir, had been pumped into-
Most of the 3745 barrels of nitrogen was pumped
at a rate of less than 10 bpm, a rate low enough
to allow selection of natural fractures for
propagation.

LiquidCO? Tests

Tests No. 6 and 7 were injectionsof liquid
~~2 at 12 and 20 barrels per minute into Zone

10 Zone 1, which is 419 feet long, has 69
na~uralfracturesavailableto receivefrac fluid.

Iodine131 was the tracerused duringinjection
of CO at 12 bbls per minute (Teat No. 6),

?I

The

distriution of fracturesinduced,or takingfl~~d~
is shown on Figure 12A, and again at the slower
rates the frac fluid sought out the natural
fractures and these interconnectedwith other
fractures,distributedover 1000 feet of wellbore.
When the in.iectionrate was increasedto 20 bwn,-—–
distribution of the induced fractures was more
concentrated;(Figure 12B), Fractures induced
during Test No. 7 were generallylocatedin areas
which had not been injected into during Test No.
6 (seeFigve 13).

Since tracer was present in Zones 2, 3, and
4, indicatingeither the external casing packers
(ECP) failed or the fluid traveled to these zones

vin natural fracturesorientedat some amqle other
than N52”E, a series cf pressuretests Wm taken
for each zone to deternrineif,all pressureswarn
aqvel, which would be the nase if the ECPS had
failed, The resultsof the pmssum tests pmsen@d
in Figure 14 show different pmssums which is
interpretedtg mean the packersheld and the tracer
was conducted to Zolies2, 3* and 4 by natural
fractures. To further substantiate this f~ct,
qas samples were taken from each zone after the
pressure test and the’-msults presentedin Figure
15 si)owthat Zones 2, 3, 4, and 8 were corrsrrunicated
with by the C62 injected in Zone 1. The
investigatorsbslieved that test series 6 and 7
with the results of fracture diagnostic studies,
reservoir pressure and gas sam ling tests rather

!convincinglyestablishedthe val dity of hypotheses
2, 3, 4, 5, 6, and 7.

NitrogenFoam with ?roppant

Tests 8 and 9 were injected into Zone 1 at
the same low rates of 10 bpm. During Test 8,
antimwy 124 tracer was injected with the pad.
Prior to beginningof Test 8, 112 bbls of liquid
C02 was’ injected ●s a pmpad but was not traced.
It appears likely that the 4800 gallon CO preped
and the 10,000 gallon pad warn injec W? mostly
in the 10 to 12 fractures located between 5730
ft and 6800 ft wham the injection ?orts are located
(see Ftgure16).

During Test 9, sand laden fluid was also
injected in the sam fractures to begin with, but
other fmfltums openedup and took fluidand proppant
as shown on the iridiumtrack on the spectralgame
log. In addition,7 fractureswarn generated bet=n
5650 ft and 5675 ft that had not been opened up
beforeindicatingthat possiblythe sitesof fracture
propagationwarn shiftingup and down the wellbore
as the job progressed and stresses built up in
the inflated fractures. Several fractures were
opened up which interconnectedwith fractures in
Zone 2 as can be seen on Figure 17. Both pad
material and proppant material was transported
into fractures located along the wellbore of Zone
2* Very little tracer material was found in Zone
3 and 4 as a result of this low volume, low rate
stimulation.

With the completionof Tests 8 and 9, a unique
series of stimulationtests were completedin whict
3 differentfluids (N2, C02, and N2-foam),a gas,
a cryogenic liquid, and ‘ar:f:# Ward injected ai
5 different injection pressures,
Bottomholepressuretests confinrredtwo and possibl~
3 differentclosurep.’essureswhich the investigator
attributedto fractureswith differentorientation:
Witti respect to the stress fie?d. This is likel~
ihe only time 3 different stimulationshave beer
conductedin the same intervalresultingin inducin~
n differentset of fractureseach time (see Figur{
18).

LargeVolumeNitrogenFoamwith a Prowant

Tests 10 and 11 are large volume, high.ral
tests in the combined zones of 2-3, and 4, ies
tests were conducted by injecting 48,000 gallor
of 80 quality foam as a pad at 40 bpm in the ca:
of Test #lO; while 901000 gallons of sand lader
80 qualit,yfoam was injectedat 30 bpmdur~’.gTest 1
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Of the, natutal fometlon tehdencles. The
Scandlun 46 was Injectedas a tracer during Invmtlgators belleve that,~he amount of pad VOIW

% 11. No tracer was.used for Test No. 10. could be reducedby 15 to 20 percent of the totel
Two hundred twenty-fivethausand (225,000)pounds volume used. In addition, 2 rates of InjectIon
of sand was Injectedwith the foam. Examination should be used; one at 5 to 10 bpm, which would
of the spectralgame log run afterthe test reveals include pad and proppant treatment, followed by
that most of the radioactive traces placed in a second stage of pad and proppantvolume itIj6Cted
the proppant stage (Test 11) was injectedin Zone at 20 to 25 bpm. In areas where stress ratios
3 and Zone 4. As shown in Figu~* 19, most of are higher and multiple fracture orientationsare
the scandium 46 tracer was injscted in sections lacking, then geology will dictate whether two
of zones 3 and 4 which has been previousl pumped

[Test 9)
rate$would be advantageous.

into during the stimulationon Zone 1
as indicatedby the,iridium192 tracer. As more experience is gained in st~mulating

horizontalwells in low stress ratio environments,
Tracers wya not used in the.pad stage (Test it may be possible to interconnectfracturesall

10) of this job, so we can only speculateabout along the wellbore by stimulatingonly specific
where the bulk of this material went. Test 10 intervalswith tailoredratosand,pressures.
consistedof 48,000 gallons of 80 uality N foam

! 5pumped at 40 bpm while Test 1.1cons stealof 0,000 CONCLUSIONS

!
allons of 80. quality foam containing 225,000
bs of 20/40 mesh sand pwnped at 30 bpm. It is (1) ‘The series of stimulation tests petio~d
believedthatmost of the pad materialwas injected” on the RET #1 well in Uayne County,West Virginia,
into the intervalsbetween 6000 and 5075-ft and in the Devonian shale formation and the fracture
6475and 6600ft. Theseintervalsshowno fractures diagnostics conducted

?
rovide conclusive evidence

i%dlcated.by the presenctof scmdim 46 givin
?

that multip’lehydraulc fractures wera induced
rise to the apeculatidn that the pad Weria duringeach p~ing event.
went into these zones and ‘then stress loading
of the fometion produced a shift in the area (2) Radioactiveisotopes can be used effectively
being treated (sea Fi ure 20) for the balance

f
to trace flow paths to adjacentzones. The isotopes

of the stimulation. ha S4 fractures treated could not have appeared in these zones without
are concentratedin Zones 3 and 4. traveling back to the wellbore via fractures of

DISCUSSIOI’OFRESULTS
an orientation considerably different than that
of the principalstressorientation.

Results of the tests are presentedin Table (3) The distribution of fluid entry points
2 in the form of the nmber Qf fracturesinduced determined from tracer logs @dicate that natural
during the tests and the overall improvementin fractureswill be selectedat”low injectionrates
productionover the naturalproductionrate. (5-10 bpm) while inducedfractureswill be selected

Although the series is not completeat this
at high injectionrates (greaterthan 25 bpm).

time, the data analyzed to.this point tends to (4) Pressure testing and gas sampling data
support confirmationof the hypotheses relative correlatedwell with the presenceof tracermaterial
to the propagationof multiple-oriented,multiple adjacent which demonstrate that
hydraulic fractures, The jury is still out on ~ltiple-orient~d‘on$draulic fractures had been
the comparisonof the effectivenessof fast versus generatedand,connectedalongthe wellbore.
slow ratesa.ldhigh versuslow vol~s of fluids.

(5) The “use of multiple radioactiveisotopes in
The differencesin the distributionof induced

fracturesas diagnosedby the spectralgansnasurve
conductingmultiple injectimltests to obtain data

T
for stimulationna~;:n proved very beneficial in

in test series 3-4 (Figure 11), 6-7 (Figure 12 understanding versus induced preferred
and 8-9 (Figure 18) and injectionrate W6Uld tend fl,id paths,
to support hypothesis #2 which says that low
pressure-low injection rates in a horizontal (6) Multiple-orientedmultiple hydraulicfractures
wa,llborewith open hole access will selectnatural
fractures for propagation.

can be induced from a horizontalwellbove under
Distributionof the openhole wellbore conditions where the natural

fractures propagated seemed more random at low
rates than high rates. High rates of injection

and fnducedfractureorientationsare *15°.

seem to trigger auto selection by the formation
as to spacing and distributionas shown in Figure
20 for the last stimulation.

The tracer studies indicate that fewer
fractures (54) were pumped into at high rates
(30 bpm) in the last stimulationthan the number
of fractures (69) pumped into during Test 9 on
Stage 1 which was pumped at the slow rate of 10
b
r

It is not clear that this would always be
t e’case,

It seems logical that stimulations in
horizontalwalls under similargeologicand stress
conditions should be to take
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Table 1
Summary of Stimulation lest Series

1’
~OridUC@d On BET No, 1 well

1.

Test No.

1
2
3
4
5
6
7
8
9
10
11

i

Zone Fluid Rate

8
8
6
6
1
1
1
1
1

2-3,4
2-3,4

N2 (Qaa)
N2(Gas)
N2 ● Foam
N2. Foam
N2 (Gas)
COZ (Lx)
C02 (Liq)
N2. Foam
N2.Foam
N2. Foam
N2. Foam

5 6PM
15 BPM
S BPM

12 BPM
6-16 BPM

12 BPM
20 BPM
10 BPM
10 BPM
40 BPM
30 BPM

Frac
volume Olagnoatice

37 MCF

212 MOF
100 BBLS
300 BBLS

3746 BBLZ
200 BBLS
400 BBLS
188 BBLS
S05 t3BLS
805 BBLS

2142 BBLS

Nono
P&lo

Iodlna 131
Soandlurn46
Tilt Mews
Iodine 131

Soandiunt46
Antimony 124

Iridium 192
None

Soandlum46

I Tabl.2
Summary ofReeulteofStimulationTosta

to Injeot Into Old Fracturea or Wet. New Ones

I

i%arZona

1 6

2 6

3 6

4 6

5 1

61

7 1

8 1

9 1

10 2.3,4

11 2.3,4

F%x!a
a

6

6

6

69

69

69

69

69

72

72

FraoturaaPurnpadtnto

awaumednotmeaewad:

6 (Ao8unrdnotIm&urad)
14

14

12 (Ba$ed on ‘hat 6 rasult$)

27 (Over4ZW081, i?,3, 4)

67 (Over 4 ZOIWW 1,2,3, 4)

17 (over3zones:1,2,3)

69 (Over 4 ZOMB 1,2,3,4)

Notdetelmlned

54(Over3zonee:2,3, 4)

Produatlon
hnprovarnant

4.1

4.1

4.1

4.1

5,0

25.0

26.0

15,5

1s.5

(N.D)

(N,D)

Completion Configuration

Ext@malCatlng Pack.r
~ 2.313”Casino

~ Commrl Pack.r 1’ 4.1/2”CaOlng
Gt3203’ -

L% ~J-/

Porl Collar rlt4014’

L

o 00 00 0000000 0

Iwo” H*IO
10302
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12 bbl/mln Irrpotlon Rat., Iodlno . 131 Trooor

S bbl/mln InJootlon moto, .oondlum . 4C Trooor

/= I I I I l’,

I III I lwuozo MAOTr.wts ~

Y w I I 1-

12 bbllmln Irrpotlon Roto, Iodlno . 111 Trooor

● o
0 0
g

ZONR1
E

~0 bbllmln Injootlon ?IMo, Soondlum . 4S T?oeor
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ZONE 1 LIQUID C02 ETIMULAYION

CLOSURE PRESSURES, 82S* 2$0~
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Zono by Zono One How Pro.suro Bulld=up Td
Rot No, 1- Wayno County, W@8t VlrglR!6

180

160

140

120

1

ELI
.

.

M r fin18

Eta. n

Plal 10=900 oomph wmpooltlon by xono10IndlooloIntwoonnootlonot :0!!00,

AnUmony 124

k..__L..& . .. ...& . . ...=..dAG. .—._.... ..—. . ..-u———.—- —.- . —— . . .=

— .— —— --

zone1

:-IT”
cep

TotolOomntoROYCOWtt
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so2nwn14s

I Antimony 124 I

I t
Mm

t 1 “’’’”7
..

Zttna ..ma 2

ECP

TotalWmn2 * Count

4812 tnt Ht tut 4144 9M4

Tat s !+G44 8.13hpnl
r IIII ,111Ill, 1,, 9 I +
I , , . t

t
lost 6

II Ill,
1sbpm

l! ma U@d II II. 1
L I Zc&!lo.1, .

l&d7 2obpl C02 ~
I III! 1111~ !nml , iii [1[

I

I I , m , I , I
Tat 9 lobpm *.-

r 1111,111
5404 ,woo 4440 4400 1

1-

4000

Pea cob? for
PluldIn-

Zone No. 1 $tlmulatlons t
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